To determine whether changes in foot anthropometry during pregnancy are related to low back, pelvic, and foot pain. Study Design: Repeated measures. Background: Anthropometric changes of the foot and lower extremity pain have both been reported in pregnant women. However, a relationship between these occurrences has not yet been investigated.
INTRODUCTION
Many women report lower extremity pain during pregnancy. For example, 29% of pregnant women report posterior pelvic pain, which includes both sacroiliac joint pain and sciatic nerve irritation. 1 Fifty percent of pregnant women report lumbar spinal pain. 1 , 2 If this pain resolved following parturition, then it would be a short-term functional concern. However, Vullo et al 3 reported a higher incidence of leg and foot pain in postpartum subjects than in nulliparous controls (56% vs 37%; odds ratio = 2.3). Thus, this pain is of major concern.
An increase in the prevalence of pain during pregnancy is not surprising, considering that during the gestational period, women experience many hormonal, anthropomorphic, and physiological changes as the fetus develops and the body prepares for delivery. Some of these changes include weight gain, 4 , 5 an anterior shift in the center of mass, 6 alterations in spinal alignment, 7 a decrease in abdominal muscle strength, 8 and an increase in joint laxity. 9 The increase in joint laxity may be of particular importance when considering the problem of joint pain. Increased joint mobility is thought to be related to the pregnancy hormone relaxin. 10 It is believed that the function of relaxin is to target the pelvic ligaments, allowing for expansion of the pelvic cavity to create a better "cradle" in which to carry the fetus. 11 However, relaxin also affects other ligaments in the body. 10 Many women anecdotally report an increase in the size of their feet and a tendency to be more fl atfooted during and after pregnancy. Investigators have reported increased foot length (FL), 12 foot width (FW), 13 and area of the foot in contact with the ground, 14 as well as decreased arch height, arch height index (AHI), and arch rigidity index (ARI) during pregnancy. 12 While incidence of pain and changes in foot anthropometry during pregnancy have been well documented, the relationship between these occurrences has not been investigated. Therefore, the aims of this study were (1) to quantify changes in lower extremity anthropometry and alignment, as well as musculoskeletal pain, with pregnancy, and (2) to examine the relationship between self-reported measures of low back, hip, and foot pain and lower extremity alignment in a group of primigravid women and a weightmatched nulliparous control group. Specifi cally, we examined the correlation between pain and alignment in all participants. In addition, in the pregnant participants, we examined the relationship between pain and change in alignment from the second to third trimester. We hypothesized that lower extremity alignment and pain would be altered with pregnancy. We also hypothesized that malalignment (ie, lower AHI, increased arch mobility, rearfoot valgus, pelvic obliquity [PO]) would be associated with worse pain. As such, changes in alignment occurring during pregnancy would contribute to worse pain.
METHODS AND MEASURES
A repeated-measures experimental design was employed for this prospective feasibility study. Fifteen primigravid women aged 18 to 45 years were recruited to participate. Since many women do not share pregnancy until after the fi rst trimester, they were allowed to enroll during their fi rst or second trimester. Fourteen controls who had never been pregnant also participated. Pregnant and control subjects were matched on the basis of the pregnant subject's selfreported prepregnancy body weight. Data of the pregnant group were collected during the second and third trimesters, as well as postpartum. Data from the control group were collected once.
Fifteen pregnant women and 14 nulliparous controls between the ages of 18 and 45 years were recruited from the greater Morgantown area ( Table 1 ) . One subject gave birth prematurely, before her third trimester measurements were obtained. Her data were excluded from analysis. Another subject was unable to return for her postpartum visit. Case participants were required to have been in their fi rst pregnancy. University-approved informed consent was obtained at the fi rst visit, prior to data collection.
Subjects were surveyed about current pain in the lower extremity through the use of a Visual Analog Scale (VAS) questionnaire. Questions to assess pain were based on the previously validated VAS Foot and Ankle. 15 A series of 6 questions, selected from the 20 on the original VAS Foot and Ankle, were asked: (1) How much does pain affected your gait? (2) How do you experience pain during physical rest? (3) How intense is pain during physical rest? (4) How often do you experience pain during physical activity? (5) How intense is pain during physical activity? and (6) How much pain affected daily activities (eg, getting dressed, eating, washing)? All of these questions were asked separately about pain present at the low back, hip/buttocks, and foot/ankle. For each question, a 10-cm horizontal line was provided, on which the subject was asked to place a mark to indicate the severity of her symptoms, with the left indicating worst possible pain and right indicating no pain. The distance from the leftmost point of the line to the mark was measured in centimeters, to 1 decimal place. This gave a score out of 10. The score for each of the 6 questions at each location was added together and divided by 6 to give a total score out of 10 at each location. Ten on this scale indicated no pain, and 0 indicated worst imaginable pain. Following the questionnaire, the subject's weight was measured using a standard analog bathroom scale (2020W Mechanical Rotating Dial Scale; Taylor Precision Products, Oak Brook, Illinois). A series of biomechanical measures were then taken at each visit including foot alignment, rearfoot angle (RFA), and PO.
With the subject in a standing position with feet shoulder width apart, FL and FW were measured using a standard anthropometer (model 01291; Lafayette Instrument Company, Lafayette, Indiana). FL was measured as the distance from the most anterior aspect of the foot to the most posterior aspect. FW was measured as the distance between the most medial to the most lateral aspects of the forefoot. Measurements were recorded in centimeters. Measurements were then taken of the contralateral foot.
Next, several foot measures were obtained using the Arch Height Index Measurement System. This method has been shown to be a reliable 16 and valid 17 method of arch assessment. Using a set of sliding calipers ( Figure 1 ; JAK Tool, Cranbury, New Jersey), elevated on 2 wooden blocks to leave the medial longitudinal arch unsupported, 3 measurements were taken of each foot: FL, truncated foot length (TFL), which is the distance from the most posterior aspect of the heel to the head of the fi rst metatarsal, and foot height at ½ FL (FH) from the top of the block beneath the foot. Measurements were taken with the participant seated with ankles and knees positioned at right angles. The same measures were obtained while the participant stood, with weight equally distributed on both feet. Several calculations were made using these measurements. Seated AHI = seated FH/seated TFL. Standing AHI = standing FH/standing TFL. Higher values of AHI indicate higher arches. ARI and arch drop (AD) are measures of arch fl exibility. ARI = standing AHI/ seated AHI. An ARI of 1 indicates a perfectly rigid arch, whereas values closer to 0 indicate a more fl exible arch. AD = seated FH − standing FH. A greater AD indicates a more fl exible arch. 12 RA was measured by photogrammetry, according to the methods of Clarke et al. 18 An anthropometer (model 01291; Lafayette Instrument Company) was placed on the head of the fi bula and the medial point on the leg directly across from the fi bular head, and a line bisecting the knee joint line was dropped to the narrowest point of the Achilles tendon to locate the midline of the leg. Two refl ective markers were place on the midline, below the belly of the gastrocnemius, defi ning the line of the leg. Then, while participants knelt on a chair facing the back of the chair, the subtalar joint was placed in a neutral position and markers were placed on the proximal and distal ends of the midline of the calcaneus, defi ning the line of the rearfoot. The subject was asked to stand in a relaxed position with feet 15 cm apart ( Figure 2 ). A digital camera (Canon EOS Rebel T2i; Tokyo, Japan) was placed on a wooden block at a height of 10 cm, 55 cm directly behind the subject. A photograph was taken of both legs. Using ImageJ software, the RFA was calculated as the angle between the lines of the leg and the rearfoot. Measurements were obtained for both legs.
Finally, PO, or the angle that the pelvis made with the horizontal in the frontal plane, was measured. To do this, an experienced investigator palpated the subject's left and right anterior superior iliac crests of the pelvis. Refl ective markers (1 cm) were placed on these landmarks. If the subject wore tight-fi tting clothing, over her pelvis, markers were placed on the clothing. If the clothing was not snug to the skin, clothing was moved so that the markers could be placed on the skin and seen by the camera. The camera was positioned perpendicular to the subject. The subject was positioned with her feet 15 cm apart. A digital photograph was obtained ( Figure 3 ). Using ImageJ software, PO, or the angle between a line connecting the left and right anterior superior iliac spine (ASIS) markers and the horizontal, was determined.
The statistical analyses were performed using the IBM SPSS Statistics software (Armonk, New York). Demographics (eg, age, gender, height, weight) of the study population were determined. Descriptive statistics, including measures of central tendency (means) and dispersion (standard deviations), were computed for continuous data. Anthropometric data from the right and left sides of each participant were pooled for analysis.
For specifi c aim 1, a multivariate analysis of variance was used to compare anthropometric and alignment measures between trimesters of pregnancy and controls. Tukey post hoc comparisons were used where appropriate to determine were differences existed. Because of the ceiling effect of the pain scale (corresponding to no pain), these data were not normally distributed, so a Kruskal-Wallis test was used to compare pain at low back, hip/buttocks, and foot/ ankle between pregnant women in each trimester and controls. Post hoc pairwise comparisons were made where appropriate. Adjusted P values for multiple comparisons were obtained by multiplying the unadjusted P value by the number of comparisons.
Specifi c aim 2 was to determine the relationship between alignment measures and pain level. Because of the ceiling effect of the pain scale (corresponding to no pain), these data were not normally distributed. Therefore, Spearman ρ correlation coeffi cients between lower extremity alignment measures (AHI, ARI, AD, RFA, and PO) and pain were calculated between each lower extremity measure and each location of pain across all subjects, for a total of 15 comparisons.
To analyze the relationship between changes in alignment and changes in pain in pregnant subjects, changes in lower extremity alignment and pain measures in pregnant subjects were quantifi ed by subtracting second trimester measurements from third trimester measurements. Both change in in alignment measures (AHI, ARI, AD, RFA, and PO) and change in pain (low back, hip/buttocks, and foot/ankle) were normally distributed; therefore, Pearson correlation coeffi cients between changes in lower extremity alignment and changes in pain were calculated, for a total of 21 comparisons. For all tests α = .05.
RESULTS
Of the biomechanical measures, only FL was significantly different between groups ( P = .048), increasing with each stage of pregnancy, such that controls had an FL of 23.9 cm, fi rst trimester 24.4 cm, second trimester 24.5 cm, third trimester 24.6 cm, and postpartum 24.7 cm. Measurements for each group are given in Table 2 . As for pain measures ( Figure 4 ), women in their second trimester ( P = .022) and in their third trimester ( P = .008) reported lower low back VAS scores than controls. Hip/buttocks VAS scores increased from the third trimester to postpartum ( P = .035).
In terms of the relationship between anthropometry and alignment and pain, ARI was positively correlated to changes in pain at the low back ( P = .01; r = 0.223; 95% confi dence interval [CI], 0.055-0.398) and foot/ankle ( P = .003; r = 0.266; 95% CI, 0.085-0.426). AD was negatively correlated to pain at the low back ( P = .004; r = − 0.256; 95% CI, − 0.420 to − 0.088) and foot/ankle ( P = .002; r = − 0.273; 95% CI, − 0.434 to − 0.099). Changes in certain alignment measures in third trimester participants were also weakly but signifi cantly correlated to changes in pain. Change in AHI was negatively correlated to change in pain at the low back ( Figure 5 ; P = .02; r = − 0.447; 95% CI, − 0.754 to 0.132). Change in PO was positively correlated to change in pain at the low back ( Figure 6 ; P = .03; r = 0.424; 95% CI, 0.052-0.710) and hip/buttocks ( Figure 7 ; P = .05; r = 0.377; 95% CI, 0.027-0.699).
COMMENT
Contrary to previous reports, few differences in anthropometry were found between stages of pregnancy. Only FL was signifi cantly different between groups here, although Segal et al 12 have found signifi cant increases in FL, as well as increased AD and decreased AHI and ARI. Perhaps, the current study would have reached signifi cance with a greater number of subjects, particularly given the small magnitude of the changes previously reported. Simply looking at the means of each group, it does appear that in the case of FL, FW, ARI, AD, RFA, and PO, the measurements obtained here follow the expected pattern. The measurements for AHI were contradictory to what was hypothesized. The increase seen with advancing pregnancy indicates that the arches were getting higher. This was likely infl uenced by swelling of the foot that is common in late pregnancy. 13 , 19 Only measures of arch fl exibility were correlated with pain. The lack of relationship between arch height and pain is supported by previous research in nonpregnant populations, demonstrating no relationship in people with lower extremity impairments. 20 Similarly, the Framingham Foot Study, an extensive investigation into the relationship between foot measures and lower extremity pain, found no relationship between foot posture and low back pain. 21 In a young population, only severe pes planus was associated with knee and back pain. 22 Therefore, perhaps the moderate arch heights found in our study are not low enough to cause pain.
As hypothesized, we did fi nd that ARI and AD, measures of arch fl exibility, were correlated with pain at the low back and at the foot/ankle. In both cases, more fl exible arches were associated with worse pain. We expected this relationship, given increased joint mobility during pregnancy, 9 along with increased pain. [1] [2] [3] To our knowledge, no previous research has examined the infl uence of arch fl exibility on musculoskeletal pain.
In addition to relating absolute alignment measures to pain, we examined the effect of changes in alignment on pain, as perhaps the change would put a new stress on the body, to which it was not adapted, causing pain or injury. A few changes in lower extremity measurements were correlated with changes in pain level during pregnancy. Specifi cally, change in standing AHI was negatively correlated with change in pain at the low back and change in PO was positively correlated with change in pain at the low back and hip/buttocks.
The correlation between standing AHI and change in pain was opposite to what was expected. In this case, a greater decrease in arch height from the second to third trimester was associated with improved pain scores at the low back. If we take into account that swelling may have driven the increase in AHI seen in the third trimester, it may be that swelling, instead of a structural change to the arch of the foot, may be related to pain.
Also, contrary to expectations, change in PO was weakly but positively correlated with change in low back and hip/buttocks pain. Women experienced a slight increase in PO from the second to third trimester, associated with improved pain scores at the low back. It was expected that increased PO would be associated with worse pain. However, previous research has found no correlation between PO and pain. 23 Furthermore, correcting PO through the use of heel lifts is not effective in treating back pain in all patients. 24 The small change in PO found in our subjects (0.6 ° ) is small. Thus, the change may not be suffi cient to establish an accurate correlation.
Musculoskeletal pain of the lower extremity is a complex problem, likely infl uenced by multiple factors. Therefore, it makes sense that the correlations observed here between alignment and pain are not very strong. The extent of the clinical signifi cance of alignment cannot be determined with this study. In addition to alignment factors, other physiological and environmental factors are likely related to pain during pregnancy and their differential roles are as yet unknown.
This study is the fi rst to examine the effect of pregnancy on RFA and PO. Furthermore, multiple measures were taken over the course of pregnancy and postpartum, as well as from nonpregnant controls, to assess changes throughout the gestation period. Finally, by limiting our study to primigravid women and nulliparous controls, we were able to measure the full effect of pregnancy on these measures, without residual infl uence from past pregnancies.
Some limitations exist in the present study. First, the use of control women as a benchmark of prepregnancy measures is not ideal. Although control subjects were matched to pregnant subjects by weight, Figure 6 . Change in pelvic obliquity versus change in back pain from the second to third trimester. Increase in pelvic obliquity was related to decrease in low back pain ( r = 0.424). other anthropometric and physiological differences unrelated to pregnancy exist, making the comparison imperfect. Furthermore, we were unable to obtain fi rst trimester measurements from many participants. However, results from Marnach et al 25 suggest that an increase in peripheral joint laxity occurs from the second to third trimester; thus, we likely captured most of the changes that occurred in our subjects. Also, the pregnant women in our study did not experience signifi cant pain. Although VAS scores differed across stages of pregnancy, the average pain never fell below 7 on the VAS. Since the pregnant women studied here experienced only low levels of pain, then according to our hypothesis, we would not expect signifi cant differences in alignment. Greater differences in pain may be needed to draw more certain conclusions regarding the relationship between alignment and pain. Finally, since the questionnaire used here was based on the VAS Foot and Ankle, we cannot assume that this questionnaire is reliable and valid for assessment of pain in other parts of the body.
CONCLUSIONS
Medial longitudinal arch fl exibility may be related to pain in the low back and foot. Furthermore, changes in the lower extremity during pregnancy may be related to pain. Health care practitioners should consider assessing the foot, specifi cally size, arch height, and arch fl exibility, during pregnancy and addressing extreme values and/or changes as a prevention and treatment method for musculoskeletal pain during pregnancy.
Future research should compare pregnant women who experience severe pain with women who do not. With a greater difference in pain levels, alignment factors that contribute to pain may become clearer.
